Time-diary data provides a complete sequential record of all activities of individuals, including travel, for a period of 24 or 48 hours or longer. Hence, time-use data has much to offer travel behaviour analysts and modelers. And, currently, the pool of timeuse data is rapidly increasing. Additionally, there is a growing comparability between time-use data and travel data, due particularly to the expanding volume of activity data collected in travel surveys. One challenge is to ensure that the data and time-use, travel and other researchers can be brought together in the most efficient manner. This task requires the development of both study level and variable level metadata standards. Much work, providing a basis for the development of time-use metadata standards, has already been undertaken in collateral fields. Firstly, this paper argues that the existing work needs to be explored, applied, and expanded as appropriate, in the establishment of time-use metadata standards. Additionally, this paper proposes consolidation of efforts between time-use and travel behaviour data professionals to ensure that each field has the optimum opportunity to identify, locate, evaluate and access useful data in either field.
activity data and hence promise to be a growing source of such data (Stopher, 1992; Stopher & Wilmott, 2000) .
Foremost among the many and varied applications of time-use data are the provision of data on non-market production for use in extending national accounts and the provision of data for travel analysis. Additionally, such data has been used to study paid work arrangements, leisure activities, the gender division of household activities, social contact, environmental exposure, energy consumption, shopping behaviour, sleep, communications, and an increasing number of other issues at local, national and cross-national levels. Ideally, the full benefits of the continued rapid expansion of both data and data applications could be achieved through the proper collection and archiving of time-use data as it becomes available. The collection and archiving of time-use data will not alone, however, be enough to ensure its accessibility and usefulness. Documentation of data files is imperative. Approaches to data documentation, in the form of metadata development, started accelerating through the 1990s. While the increased attention paid to data documentation suggests a whole new area of endeavor, in reality metadata development is simply an extension of work, which has a long history, of librarians and information specialists (Milstead & Feldman, 1999) 
DEFINITION OF METADATA
There are a host of definitions of metadata. "Metadata is data about data (Millstead & Feldman, 1999) ." Or, more formally "metadata is data associated with objects which relieves their potential users of having to have full advance knowledge of their existence or characteristics (Telematics) ." Elsewhere it is argued that as information that characterizes data and provides documentation for data products "In essence, metadata answer who, what, when, where, why, and how about every facet of the data that are being documented (USGS, 2000) ." Metadata can also provide evaluative information on an object (Krauskopf et al., 1996) .
Metadata are relevant at least at two levels. First, are study level metadata. With a growing accumulation of timeuse data there is a need to enable interested researchers and others, such as our planner, to identify relevant datasets. It is necessary to fully and accurately convey to her meaningful characteristics of the datasets themselves, such as their origin, their contents, their usability and how and in what form they can be obtained. Second, are variable level metadata. Elsewhere study and variable level metadata have been referred to as contextual and inherent metadata respectively (Hill et al., 1999) .
FUNCTIONS OF METADATA
Metadata serves several functions. Typically, three are noted. First, it helps researchers identify datasets which meet certain basic criteria related to their research interests. Study level metadata facilitate the identification, evaluation and retrieval of datasets. Full and explicit documentation of the origin, contents, location and accessibility of data is provided by metadata entities and attributes and their organization. Hence, the planner should be able to identify time-use studies, which have the potential to provide needed data. This will more easily be the case if the metadata is compatible with existing means of data searching. Second, it should facilitate an evaluation of the relevance, efficacy and quality of the data identified. In the situation presented above one must ask specific questions, does the data contain location and social contact data? Does it contain a sample of elderly persons? Is the geographic base for the data relevant? Is the data valid and reliable? Thirdly, metadata should facilitate the retrieval of identified datasets. All of these functions relate to study level metadata.
Variable level metadata facilitate the identification, evaluation and retrieval of specific data or, through online analysis, the information sought from data. They provide detail on the study contents at a level that permits the user to confidently apply the data in analysis.
Metadata could also provide summary results for use in meta-analysis, a function not contained in any of the reviewed literature. Increasingly researchers are undertaking meta-analysis. Typically meta-analysis is based on findings in literature reporting study results. However, such analyses could also be carried out if significant basic aggregated data values were made available as part of metadata. Hence, data counts, means and variances of the most meaningful values for the overall data, and possibly a single simple disaggregation, such as sex, would be highly useful both for evaluating the data and for some meta-analysis exercises. Hence, mean durations for major activity groupings and average number of trips by gender and employment status incorporated into activity metadata could be useful in several ways.
The roles of study level and variable level metadata are shown in Figure 2 which provides an overview of the research tasks and challenges attendant with identifying, evaluating and obtaining data. The problem addressed is that facing the planner identified in the opening paragraph above. Having identified that data on engagement with others and trip behaviour are needed, the obvious datasets to seek out are those containing time/activity data. The ease with which the proper data or analysis is identified and retrieved will depend primarily on the existence and usability of metadata (Fraser and Gluck, 1999) .
Reporting on a study of geospatial metadata usability Fraser and Gluck suggest the following are fundamental to metadata usability.
• • Titles and abstracts are extraordinarily important to users when evaluating whether to pursue geospatial data;
• Readability, in all its variety and subtlety, matters greatly.
• Length or quantity of information is important, as users want just enough, but not too much, to make the quickest possible relevance judgment; • Scalability of detail is desirable, allowing users to quickly access greater or lesser degrees of detail as desired, including details of geographic resolution; • Order of metadata attributes should match the order in which a user would want additional information, because users' domain issues (willingness to pursue for content) will normally precede their logistical issues (such as price and access points); • Allowance for flexibility in search styles is desirable;
• Serendipity is frequently a major factor in search success, and metadata ideally would promote this possibility; and • Time is precious Source: (Fraser & Cluck, 1999) 
METADATA STANDARDS
Currently a number of bodies are engaged in the development of general metadata "standards" however, only a few will be mentioned here. Most notable, is the Online Computer Library Center (Weibel et al., 1995) which, with the National Center for Supercomputing Applications in the U.S. (NCSA), is responsible for establishment of the Dublin Core (DC). The Dublin core, consisting of 15 elements, identified below, primarily focuses on discovering documents. Notable, also, are the International Standards Organization (ISO), the American National Standards Institute (ANSI), the World Wide Web Consortium, all official standard-settings bodies. (Milstead & Feldman, 1999) . Additional agencies exist or are being established to help researchers, policymakers, and practitioners identify and obtain useful information. The Digital Library Federation (DLF) has undertaken a Social Science Data Initiative (DLF, 1999) . The Inter-university Consortium for Social and Political Research (ICPSR) has for many years sought to archive social survey data and make it available to researchers. In light of rapidly increasing datasets and changing technology ICPSR has supported an international undertaking known as the Data Documentation Initiative (DDI) involving data producers and archivists (DLF, 1999) . The DDI incorporates both elements to identify datasets (study level metadata) and elements identifying in considerable detail the nature and contents of the datasets (variable level metadata). The product of the DDI project has been the Document Type Definition for markup of data codebooks (DDI, 2001 ).
More specialized metadata standards have been developed by area specific agencies. The (US) Federal Geographic Data Committee (FGDC) has expended considerable effort in developing metadata which will appropriately reflect geographic data. The work of the FGDC is of considerable importance in the development of time-use metadata. There are strong parallels between the geographic and temporal data that need to be understood and exploited in the development of time-use metadata. Other specialized standards are being developed by the National Biological Information Infrastructure (NBII), the Alexandria Project at the University of California, Santa Barbara (ADL), and the Environmental Protection Agency (EPA).
The foregoing are but a few of the extant metadata initiatives. Indeed, there so many that it has been suggested that the number of them has been one of the biggest stumbling blocks in the orderly development of metadata (Milstead & Feldman, 1999) . In view of the many standards, work is already underway exploring ways of making metadata developed in one standard available to other standards (St.Pierre & LaPlant, 1998) .
TIME-USE METADATA
Progress toward documenting, archiving and providing access to time-use data has received some, though relatively little, attention in the time-use community. However, there has been virtually no attention paid to the development of time/activity specific metadata. There is a pressing need to establish metadata standards for time-use data,. Given the rapid growth of time-use data and a large number of specific problems associated with the task of creating appropriate metadata there is an urgent need to start the process. Because of the close relationship between time-use data, travel study data and potentially spatial data it is important to consider co-operative efforts with agencies working on metadata in those fields.
In the mid 1960's separate yet synchronized time-use studies were carried out in 15 survey sites in 12 countries under the umbrella of the Multi-national Comparative Time-Budget Research Project under the direction of Alexander Szalai (Szalai, 1972) . Harmonization of the concepts and constructs studied was achieved prior to data collection. Upon completion of the surveys, all but the Russian survey were forwarded to Philip Stone at Harvard for common processing. The outcome of that project was a dataset incorporating 13 highly detailed, primarily standardized, datasets. This project was an extremely significant achievement, showing that it was possible to achieve harmony, multi-nationally, in highly detailed survey data. Several subsequent studies drew heavily on the methodology of the multinational study ( Elliott, Harvey and Procos, 1976; Yano ,1975 ) . Yet most studies following this project, with the exception of the Eurostat Harmonized TU study project discussed below, have essentially been carried out in isolation of each other. . While IATUR members discussed redoing a study comparable to the Multinational Comparative Time-Budget Research Project, the organizing and funding was seen as too daunting in the environment in which it was considered. Members continued to seek ways of creating access to data for crossnational time-use research.
Progress in the organization of extant time-use data sets was forthcoming. In the late 1980s, Jonathan Gershuny, then at the University of Bath, prepared cross-nationally comparable versions of time use data sets from 20 countries. This work was supported by the European Foundation on Living and Working Conditions in Dublin. These data sets contained a limited number of background variables and somewhat highly aggregated activity categories. Additionally, the age range of the files was truncated to age 20 to age 59 to achieve cross-national age comparability in the data sets.
Also in the late 1980's researchers at Saint Mary's University, with the help of Iiris Neimi undertook construction of a format or protocol for information that would identify and describe the characteristics of time use studies, in essence metadata on time-use. The purpose of the database was to document known studies and to provide data that could be used for a meta-analysis of the time-use study data. While the structure was created lack of resources limited the extent of the database construction.
In the early 1990's, EUROSTAT undertook to co-ordinate the development of a harmonized approach to time use data collection. A number of meetings, attended by national statistical office personnel with various levels of responsibility and familiarity with time-use research, were held to generate the harmonization. Some progress was made and pilot studies were undertaken in 1996/97. Following, completion of the pilot studies a report on the pilot experience and results was prepared by Statistics Sweden (Rydenstam & Wadesgog, 1998) . This report generated considerable discussion and led to recommended changes in the proscribed content and approach for the harmonized study. Changes were subsequently incorporated into guidelines, which are expected to guide European studies to be implemented in the 21st century. (EUROSTAT, 1996) Concurrently, two time-use initiatives were launched by the United Nations. The United Nations Statistical Office (UNSD) has undertaken the construction of an activity classification system for time use in time use studies ?????. The classification being developed by UNSD is strongly oriented toward the measurement of informal and nonmarket work. In conjunction with that effort UNSD has developed a website containing significant documentation which can provide input to the preparation of time-use metadata (UNSD). Additionally, the United Nations Development Program (UNDP) has undertaken to support efforts for time-use data collection in developing countries.
At the academic level in the summer of 1998 time use researchers from the University of Essex in the UK, University of Melbourne in Australia, and Saint Mary's University and the University of Calgary, in Canada entered into a collaboration as partners in The Multinational Time Use Study (MTUS) to consolidate and to expand previous collaborative time use research ventures particularly the work of Jonathon Gershuny. The objectives of MTUS are to generate comparability and appropriate weighting, document the technical details of time-use studies, add additional countries and generate comparable episode level data. Researchers at the University of Calgary working with the Essex team have been undertaking the bulk of the work. The Melbourne and Saint Mary's University teams have joined the Essex team in designing and coordinating the project, and in acquiring new data sets. The Saint Mary's team is also working on development of cross-nationally comparable episode files and contextual variables and creation of an online time-use literature resource. Documentation on the existence and basic characteristics of many time-use studies can be found on the MTUS website (ISER, 2000) . Figure 3 shows the basic information for the 1980/81 Norwegian Time-use Study. It contains only some DC elements namely, title, creator, and coverage. Hence while the MTUS documentation is a very valuable resource the information contained in it falls far short of that required by the DC. However, it does contain some information needed to evaluate the quality and usefulness of the identified data, namely the response rate. While no variable level documentation is provided in the MTUS country profiles they often link to data documentation sources on the web which provide variable level, information on which such metadata would be based.
In the early 1990s Niemi and Harvey, working at the Time-use Research Program (TURP) at Saint Mary's University formulated a detailed list of information required to adequately describe time-use data sets in a way that would facilitate their identification and evaluation. These are shown in Table 1 ; organized under six areas: administrative details, sample design, survey design, personal characteristics, household characteristics, form of data and results. Again only three elements of the DC are included, title, creator and coverage. However, the TURP documentation provides for extensive information required to evaluate the usefulness and quality of documented studies. Since the usefulness of time-use data is dependent on both the data quality and contextual detail, at the activity, person and household level, the TURP documentation protocol makes provision for identifying a number of contextual variables by capturing full detail on the diary content and detail on personal and household characteristics. Nationwide stratified probability sample of the population aged 16-74; people kept diaries for two consecutive days; with all days of the year equally represented in the sample; diaries covered 15 minute intervals from 06:00-00:00, and 1/2 hour slots from 00:00 to 06:00; respondents also noted with whom they performed activities and where these activities performed respondents did not note secondary activities; this survey asked respondents to note restrictions on time due to need to provide care for others; respondents noted forms of transport used to get between activities as well as time spent in their local communities The TURP protocol also provides for the reporting of some key output values of the reported studies. Such information can provide insight into the quality of the data and make possible a meta-analysis of the relationship between survey sampling and design characteristics and outcomes. For example, trip data can be collected by trip diaries and time diaries. It is generally held that time-use diaries capture a larger number of trips than trip diaries do. If all studies reported the average number of trips recorded it would be possible to relate the average to a variety of other metadata characteristics such as collection methodology, location, time period, without directly accessing the datasets. The protocol allows for average durations for main activities to be reported for the total population 20-59 by gender and for employed persons 20-59 by gender. It now appears that the durations would best be reported for contracted activities (paid work), committed activities (household work), necessary activities (personal) and free time (all else). This classification, proposed by As (1982) , is gaining acceptance as an organizing structure for activity reporting (Australia, 1997; New Zealand, 1999) .
Country
Both MTUS and TURP provide insufficient data documentation. The TURP protocol provides for extensive study level information while the MTUS provides, where possible links to variable level metadata. However, neither makes provision for a variable level metadata standard.
The need for improved documentation, archiving and access for travel behaviour and other transport data was identified at the 1998 Eibsee conference, meetings of the International Association for Travel Behaviour Research and relevant Transportation Research Board Committees (Axhausen, 2001) . While some individuals have progressed on these matters the transport community has in general done little (Axhausen, 2001) , (Wigan, 2000 
AN APPROACH TO TIME-USE CODING
Three metadata approaches, identified earlier, are worthy of note with respect to formulizing time-use metadata. They are the standards promoted by the Dublin Core, the (US) Federal Geographic Data Committee (FGDC) and the DDI. The Dublin Core is study level metadata and is envisioned by The DCMI-Libraries Working Group as serving the following possible uses: to serve as an interchange format between various systems using different metadata standards/formats; to use for harvesting metadata from data sources within and outside of the library domain; to support simple creation of library catalog records for resources within a variety of systems (e.g. using MARC equivalents of Dublin Core elements); to expose MARC data to other communities (through a conversion to DC); to allow for acquiring resource discovery metadata from non-library creators using DC (DCMI, 2001 ).
The chief elements of the core are presented in Name -The label assigned to the data element Identifier -The unique identifier assigned to the data element Version -The version of the data element Registration Authority -The entity authorized to register the data element Language -The language in which the data element is specified Definition -A statement that clearly represents the concept and essential nature of the data element Obligation -Indicates if the data element is required to always or sometimes be present (contain a value) Datatype -Indicates the type of data that can be represented in the value of the data element Maximum Occurrence -Indicates any limit to the repeatability of the data element Comment -A remark concerning the application of the data element And, of these six are common to all Dublin Core Elements (1)Version (2) Registration Authority (3)Language (4)Obligation (5) Datatype (6) Maximum Occurrence. Left to vary are (7) Name (8) Identifier (9) Definition and (10) Comment.
The Dublin Core basically addresses the first phase of any research initiative, that of identifying potential resources. As noted above, its basic intent is to do this rather ubiquitously across systems. What the Dublin Core elements do not provide is the information needed to proceed to the next phase of the research, evaluation. This standard goes beyond simply allowing one to identify wanted data. It provides for evaluating data quality, and provides a range of other information on the data including information on how it can be obtained and information on the construction of the metadata reference information itself.
One of the seven main sections of the (CSDGM), the entity and attribute information section provides particularly useful information about the dataset including a description of the structure and content of the database including its entities, attributes, attribute domains, and relationships among different entities and attributes (SDVS, 2001) . This is variable level data that enables researchers to understand and work with the data. In fact the content of the entity and attribute information section is essentially what is contained in a traditional data dictionary accompanying a dataset. The third metadata approach of relevance to time-use metadata creation is the DDI initiative. Its focus is broader than the CSDGM in that it relates to a very broad range of social survey data, of which time-use data would be a sub-set.
The DDI includes the following kinds of study-level data:
• Agency or principal investigator(s); It includes the following kinds of variable-level information:
• Precise wording of the question or the exact meaning of the datum; • Missing data codes;
• Exact meaning of codes;
• The item or questionnaire number (e.g., Question 3a);
• Imputation and editing information; • Unweighted frequency distributions or summary statistics for the item.
Source: (DLF, 1999) If DDI develops in conformity with the DC metadata protocol it could provide a good framework on which to build time-use metadata. However, time-use data are somewhat richer and more demanding than typical survey data. There temporal dimension parallels in some ways the characteristics of spatial data. Hence, it is anticipated that there could be advantages in exploring the CSDGM protocol. With the growth of time-space data sets within both the time-use and travel behaviour community it will be imperative that the CSDGM or similar protocol be used to register the spatial component of the data. Ideally a compatible temporal metadata structure can also be established.
WHAT IS AHEAD FOR TIME-USE METADATA
The establishment of a time-use metadata standard is long overdue. While there has been considerable effort directed at providing comparable time-use data for analysis, little has been done to maximize access to and the usability of volumes of time-use data which exists.
What are the challenges to be faced in order to provide the access and usability?
They include, as necessary, but not necessarily sufficient tasks:
(1) ensuring data and complete and accurate documentation are made available for archiving and access, (2) the establishment of a time-use/activity study level metadata standard, (3) the establishment of a time-use/activity variable level metadata standard.
Precursor or parallel requirements include:
(1) the establishment of accepted time-use survey related vocabulary (2) the establishment of accepted classification standards for activity codes, It has yet to be adopted as the basis for a survey. However, their approach, while novel, does warrant greater attention than it has received. Additonally, a meeting of the Working Group of Statistical Experts 11th Session Bangkok, 23-26 November 1999, considered time-use classifications and their role in measuring the informal economy. The implication appeared to be that they might consider establishing a common scheme.
It seems unlikely that an internationally standardized coding scheme will be established. In lieu of that it is imperative that a standard be developed to which disparate coding schemes can be translated with minimum loss of information. Such a scheme should be somewhat richer than the existing comparative standard of approximately 40 activity codes used in MTUS which were limited by some of the incorporated studies. It should, if at all possible, be collapsible into the MTUS 40 codes. Such a scheme should also allow for the development and incorporation of data collected in short diaries. If an such standard could be established it would serve as a guide when new schemes are being developed. Hopefully, developers of new schemes would take all possible steps to preserve comparability with it.
While activity codes have received considerable attention, coding of contextual dimensions of activities has been virtually ignored. Most of the recent studies have collected considerable contextual data, Table 3 . Coding for secondary activities, location, with whom and for whom, the most frequently adopted dimensions, practically has been reinvented with every study. This clearly evidenced in Table 4 which shows, as an example, the coding schemes used in the studies shown in Table 3 under location. The only locations to be registered in over half of the studies shown were ones own household, their workplace and someone else's dwelling, Table 4 . Elsewhere similar results have been shown for other contextual variables (Harvey & Royal, 2000) .
Additional considerations include the need to:
1. draw on work undertaken for the establishment of geographic metadata (e.g. CSDGM ) and survey metadata (e.g. DDI).
2.
collaborate with agencies and individuals involved in establishing travel metadata. Due to the strong interdependence between time-use and travel activity data, it is incumbent on practitioners in both fields to ensure compatibility among their metadata. 3.
find institutional support to facilitate the extensive collaboration that will be necessary to establish the foregoing.
Conclusions
There is a growing need for time-use metadata. Fortunately, a great deal of groundwork has been laid. First it is time to establish appropriate vocabulary and standards within the time-use community. Secondly, it is necessary to explore the how a time-use metadata approach can be developed with the use of existing metadata approaches, in particular the CSDGM and the DDI initiatives. However, until institutions engaged in time-use data collection recognize the importance of establishing metadata standards and support their creation, as in the case of travel behaviour research, little will be accomplished. 
